"As a medical curiosity, the disease (neurofibromatosis) has excited a voluminous literature, in which there are reflected wide differences of opinion. . ." (Crowe, Schull, & Neel, 1956 ). As adroitly stated by Crowe et al. (1956) in their book on "Multiple Neurofibromatosis" in mid '900, "a sizeable proportion of " (what had been written in the literature on neurofibromatosis at that time) "serves... more to confuse that enlighten." In this respect, this holds true also for the ancient history of the different forms of neurofibromatosis, and exactly which was the first historical example of "neurofibromatosis" and who truly deserves the eponymous for credit has been a matter of debate (Huson, 1994) .
Certainly, in ancient times many renowned persons taken from fiction or reality have been labelled as having neurofibromatosis and, among all, Joseph Merrick the so-called "Elephant man" (Cohen, , 1988a (Cohen, , 1988b Howell & Ford, 1983; Seward, 1994; Tibbles & Cohen, 1986) or Quasimodo the "hunchback" of "Notre Dame de Paris" by Victor Hugo (Andreotti, Caruso, Massari, & Riva, 2017; Cox, 1985; Seshadri, 2012; Solomon, 1968) , are two examples who played an important role in the distorted popular misconception of the disease, in this case neurofibromatosis type 1 (NF1) (Brosius, 2010; Huson, 1994; Ruggieri & Polizzi, 2013) .
Similarly, descriptions of early examples of neurofibromatosis type 2 (NF2) or schwannomatosis sufferers can be traced in reports, illustrations or portraits dated as back as the 18th century (Ahn, Jackler, & Lustig, 1996; Brosius, 2010; Huson, 1994; Ruggieri et al., 2016; Ruggieri, Praticò, Serra, et al., 2017) .
In this article, we will review the most acknowledged descriptions of individuals and portraits credited as having one of the different forms of neurofibromatosis through the millennia. In this respect, we divided these "persons" and "reports" into those presenting "less welldefined hypotheses" and those presenting "good evidence" of neurofibromatosis. Some "less well-defined" illustrations and descriptions of "persons" presumably affected by or attributed to neurofibromatosis are drawn as monster-like phenotypes and merely represent the fairly standard view of the relationship between human disorders and monsters during the period comprised between the late 14th to early 16th century (Brosius, 2010; Ruggieri & Polizzi, 2003) . The remains of a skull belonging to a woman [individual no. XXIII-10, Sk. 2; aged ca 25 to 35 years] were discovered (during the 1974 campaign of excavations) in the cemetery complex of Aymyrlig, which is located in the Ulug-Khemski region of the Autonomous Republic of Tuva in South Siberia (Murphy, Donnelly, & Rose, 1998; Ortner, 2003) .
Radioisotope dating revealed that the woman had lived in the Scythian period [ca 7th to 2nd century BC], The cranium was well preserved and showed a greater than average size of the left orbit, which was also dysmorphic, and facial abnormalities consisting in a dysplastic frontal process of the maxilla, dysplastic right nasal bone, and retained metopic suture. These signs, suggested the presence of a soft tissue tumour of the orbital bone, likely a plexiform neurofibroma (Murphy et al., 1998; Ortner, 2003) .
| An enigmatic statuette from the Hellenistic age (323-31 BC)
The collector and physician Theodore Meyer-Steineg (1873 -1936 , in his trip to Greece and Turkey in 1910, found an enigmatic statue (a votive offert or a "three dimension" teaching aid), probably from the Hellenistic period and originating from Smyrna, (Gourevitch & Grmek, 1994; Linden, 1994; Ragge & Munier, 1994) . The statue (likely made to represent a grotesque decorative figure or a humanoid being rather than a specific person), was originally kept at the Museum of Jena, photographed in black and white only once (Figure 2) , and lost during the Second World War: it represents a healthy muscular male with visible torse and limbs, where multiple nodules, smooth and sessile, not pedunculated are present, interpreted as cutaneous neurofibromas (Gourevitch & Grmek, 1994; Linden, 1994; Ragge & Munier, 1994) .
| The kings of Parthia: Hereditary neurofibromatosis type 1 (ca 100 BC)?
The Parthian Empire (247 BC-AD 224) also known as the Arsacid empire (from Arsaces I of Parthia, chieftain of the Parni tribe-an ancient Central-Asian tribe of Iranian peoples-who, in the mid 3rd century BC, first conquered the region of Parthia, in northeastern Iran), was a major political and cultural power in ancient Iran, which supplanted the Seleucides emperors (i.e., the successors of the generals of Alexander the Great), from west and the Scythians, from east (Widengren, 1983) . Much of the knowledge on the aspects of the kings of Parthia arises from their portraits appearing in the official coins in their left facing attitude (Selwood, 1971; Todman, 2008) . The Kings' representations in the coins were characteristic and realistic: it is possible to identify the changes in the hairstyles (from a near-estern triangular coiffure to a shorter Greek style emerging later), and in the beard (from a full length Assyrian beard to an original Partihian spade shaped type) (Selwood, 1971; Widengren, 1983) . In the coins representing Mithridate II (100 BC circa), Orodes II, Phraates IV, and in many (but not all) of the successive kings up to Vardanes II (AD 58), it is possible to identify a large round nodule clearly distinguished from the face (Figure 3 ) (Ashrafian, 2011; Selwood, 1971; Todman, 2008) . These nodules (interpreted as skin neurofibromas) were so clearly evident to the designers of the coins that were represented as an important (distinctive) facial feature: their presence in many generation suggest a possible dominant hereditary trait (like in NF1) and could have served as a purpose to legitimize the discent and give authority to the Kings (Ashrafian, 2011; Selwood, 1971; Todman, 2008) . Other hypotheses suggest the presence of common wart (Liddel, 2006) , or trichoepitelioma (Hart, 1966) , or basal cell carcinomas in the case of Mithridates II (Ashrafian, 2011; Todman, 2008) .
FIGURE 3
Coins of the Parthian empire, 247 BC to AD 228 in ancient Persia. On foreheads of left facing kings Orodes II (a) and Phraates IV (b) (ca. 38-2 BC) it is possible to clearly identify large round nodules believed to represent neurofibromas. These nodules also occur on portraits of several later Parthian kings. (Photos by Douglas Mudd and Bart Lewis from the archives of www.parthia.com) 2.1.5 | From 100 BC to 1100 AD: The manuscript "Cotton Tiberius B v" in the British Library
The Cotton or Cottonian library was the richest private collection of manuscripts ever amassed (Wright, 1997) : it was collected, by Sir Robert Bruce Cotton, 1st baronet of Connington (1571-1631), a politician, antiquarian and bibliophile (Wright, 1997) . The
Cottonian library is now the basis of the British Library in
London. There is a manuscript called Cotton Tiberius B.v. in the British Museum (Zanca & Zanca, 1977 , 1980 , which is part of a series of texts, with Anglo-Saxons translation dealing with the "Marvels of the East" (in folios 78v-87v), but also with Eastern charts, maps of the world, astrology guides, lists of popes, bishops, and emperors, Aelfric's De temporibus anni and other texts of sientific and religious knowledge, originated between the 7th and 10th to 12th century (Druce, 1923; Rickert, 1954; Ruggieri & Polizzi, 2003) (Figure 4a ). According to Wittkower (Wittkower, 1942; Zanca & Zanca, 1977 , 1980 , the first of these texts of Marvels of the East appears to go back to the 4th century AD. In these treatizes, monstrous human races of oriental origin are described (Figure 4b ). At fol. 83v there is a specimen of the mythical race with large, long ears, represented with his snakelike ears wound round his arms (Figure 4c ), which in the opinion of Zanca and Zanca (1977, 1980) might be an individual with two enormous plexiform neurofibromas hanging from his cheeks.
| Year 1200 AD

Rein Abbey is a Cistercian monastery founded in Rein near
Gratwein, Styria, in Austria in 1129. Also known as the "Cradle of Styria" ("Wiege der Steiermark"), it is the oldest surviving Cistercian community in the world (Welt-ältestes Zisterzienserkloster Stift Rein Seit, 1129 , 2018 . Code 507, is a collection of drawings from the abbey of Rein dating from about the year 1200 (Zanca & Zanca, FIGURE 4 Manuscript "Cotton Tiberius B.v." (from the British Library) (a), containing a translated text regarding "Marvels of the East," but also Eastern charts, maps of the world, astrology guides, lists of popes, bishops and emperors, Aelfric's De temporibus anni, and other texts of scientific and religious knowledge (originated between the 7th and 10th to 12th century) (a). Note a typical example illustrated in the book of monsters of human race of oriental origin (b) . A specimen of the mythical race with large, long ears, represented with his snakelike ears wound round his arms (c) interpreted as an individual with two enormous plexiform neurofibromas hanging from his cheeks. © British Library Board FIGURE 5 A miniature (probably composed by the Cistercian monk named Heiricush or Heinricus) from Code 507 (a collection of drawings from the abbey of Rein, 1200 AD) owing in the upper part figures of arthropod morphs mutating into amphibian-like monsters sharing a space (lower part of the illustration) with a human figure (who also has mutated into a grotesque figure) with three large bulbous nodules hanging from the face in front of the neck and from the left mandibular region plus two additional long sack-like tumors hanging from under the armpits down to the waist (interpreted as plexiform neurofibromas) 1977). The code, now in Vienna, was published by Jurgis Baltrusaitis a Lithuanian art historian and critic (Baltrusaitis, 1960) and contains a miniature (probably composed by the Cistercian scribe a monk named Heiricush or Heinricus) (Figure 5) owing in the upper part arhtropods-morph into amphibian-like monsters that share a space: in the lower part of the illustration, there is a human figure (who also has mutated into a grotesque figure) with three large bulbous nodules hanging from the face in front of the neck and from the left mandibular region plus two additional long sack-like tumors hanging from under the armpits down to the waist labelled as plexiform neurofibromas by Zanca and Zanca (1977, 1980) , (Hermann, 1926; Morse, 1999; Mulvhill, 1988; Ruggieri & Polizzi, 2003) . Magenberg (1309 Magenberg ( -1374 and the "Buch der Natur"
| Konrad von
Konrad of Megenberg or Konrad von Megenberg (Latin Conradus
Megenbergensis) (1309-1374) was a Bavarian catholic scholar and philosopher and a versatile writer who wrote several treatizes on theological, historical, and political arguments, who became famous during the 14th century above all for divulging the scientific knowledge of his days. Megenberg published his own thoughts and work as the "Buch der Natur," which was so successfully so as to be printed seven times in the 15th century alone (Ruggieri & Polizzi, 2003) . Some of the editions were color-illustrated ( Figure 6a ) and, overall, give a survey of all that was known of natural history at that time and is besides, the first natural history in the German language. In the 12th Tome of the Ausgburg edition (1475-Puch der Natur), one can observe various types of monstrous human races seen in the east including the sciapod with webbed foot, the headless monster and the woman with six arms, the cinocephalus and the Cyclops, among the others. In the lower row of the xylograph (Figure 6b ), near the bearded woman can be seen another woman (Figure 6c ) who, according to Choulant (1963) , has a large goiter and according to Zanca and Zanca (1977, 1980) "classical" NF1; in our opinion she appears to have an isolated large plexiform neurofibroma shaped like an elongated sack and therefore she would fit the diagnosis of mosaic NF1 (Ruggieri, 2001; Ruggieri & Huson, 2001; Ruggieri & Polizzi, 2000 . anatomist and the inventor of several surgical instruments and authored many books on anatomy, surgery, and medicine (Céard, 1971) . Among the various figures published in his book entitled "Des monstres et prodiges" ("On Monsters and Marvels") ( Figure 7b ) (Pallister, 1995) is that of a monster (infant) born on January 17th 1578, in Piedmont, at Chieri, near Turin, Italy (Figures 7c-e) (Zanca & Zanca, 1977 , 1980 . Its face, writes Paré ". . .was well-proportioned in every way, but there were five horn-like growths on the head and a long, fleshy mass hanging down from the head along the back" "en maniere d'un chaperon de damoyselle" ("like a woman's hat"); ". . .another double fleshy mass like a shirt collar was visible around the neck." Besides the more or less fantastic deformations (e.g., horns, claw-like hands) and relying on the accuracy with which Paré himself reported this case, that fleshy mass hanging down along the back (Figures 7c-e) , might be diagnosed as a solitary (diffuse) plexiform neurofibroma (mosaic NF1) (Happle, 1996 (Happle, , 1997 (Happle, , 2014a (Happle, , 2016 Ruggieri, 2001; Ruggieri & Huson, 2001; Ruggieri & Polizzi, 2000 rather than as a manifestation of classical NF1, as FIGURE 6 Illustrated (color) edition of Konrad von Megenberg's "Buch der Natur," the first book of natural history written in German Language (1350 ca) (a). In the 12th Tome of the Ausgburg edition, printed in 1475, one can observe (b) various types of monstrous human races seen in the east including the sciapod with webbed foot, the headless monster and the woman with six arms, the cynocephalus and the Cyclops, among the others: in the lower row of the xylograph (b), near the bearded woman can be seen another woman (c) who has a large goiter (interpreted as a plexiform neurofibroma). Library of Congress, Washington postulated by other authors (Zanca & Zanca, 1977 , 1980 ). Paré's sketch of this infant (Figures 7c-e) , while less than believable with respect to its claw-like digits and horns, represents a fairly standard view of the relationship between human disorders and monsters during the 16th century (Brosius, 2010; Ruggieri & Polizzi, 2003) .
2.1.9 | An archaeological skeleton from the crypt of St. Bride's Church, London (ca XIX century)
The skeletal remains of an adult male , one of approximately 230 interments (died between 1800 and 1852) from one of the crypts of St. Bride's Church, Fleet Street, London, were restudied by Knusel and Bowman [1996] , after a savage operations occurred during the church bombings of 1940. His main abnormalities consisted in asymmetry of the viscero-and the neuro-cranium, decreased growth of the right facial musculature, asymmetry of the nasal aperture and orbits (left smaller than right), asymmetry of the frontal sinuses and lesser wing of the sphenoid, eroded right sphenoid and ethmoid bones, atresia of the left auditory meatus, severe kyphoscoliosis of the (cervical and thoracic) vertebral column (which eroded the right-sided processes) and dysplasia of the vertebral bodies, twisted ribbons, bowing of the femoral bones and the fibulae, and lateral deviation of the ilium. All these paleopathological features prompted the authors (Knusel & Bowman, 1996; Ortner, 2003) , to conclude that an optic pathway glioma, multiple paravertebral neurofibromas, and congenital bone dysplasia of the NF1 type were present, along with a VIII cranial nerve like tumour (thus, in their opinion in favour also of neurofibromatosis type 2, NF2).
FIGURE 7
Portray of Ambroise Paré (1510-1590), the royal surgeon of Kings Henry II, Francis II, and Charls IX (a). Among the various figures (b) published in his book entitled "Des monstres et prodiges" ("On Monsters and Marvels") Paré illustrated a monster born on January 17th 1578, in Piedmont, at Chieri, near Turin, Italy (c-e, in various interpretations and reproductions): note the fleshy mass hanging down along the back, which has been interpreted as a solitary (diffuse) plexiform neurofibroma. © Wellcome Library, London, UK 2.1.10 | Other renowned "patients": Neurofibromatosis type 1 in art and literature
The quest for Quasimodo the "Hunchback" of Notre Dame de Paris A further "renowned", likely NF1 sufferer, could have been Quasimodo, the "Hunchback" of Notre Dame de Paris, described by the French poet, novelist and dramatist of the Romantic Movement, Victor Hugo (1802-1885), in 19th century. Hugo, portrayed Quasimodo, the deaf, bell-ringer of Notre Dame, in the novel "Notre-Dame de Paris" in 1831, more than fifty years before the description of neurofibromatosis by von Recklinghausen (Andreotti et al., 2017; Cox, 1985; Seshadri, 2012; Solomon, 1968) . The main character appears with multiple dysmorphic features and deformities of both soft tissues and skeletal system. Hugo, in the novel, gives an unforgettable portrait of this misshapen bell-ringer and his physical deformities: ". . . That tetrahedral nose, that horseshoe mouth, of the tiny left eye, obstructed by a bushy red eyebrow, while the right eye had vanished entirely beneath an enormous wen, of those irregular teeth, notched here and there like castle battlements, of that horny lip on which a tooth encroached like an elephant's tusk, of that cleft chin ... a huge head sprouting red hair; between the two shoulders an enormous hump, the repercussions of which were evident from the front; a system of thighs and legs so strangely warped that they met only at the knees and looked, from the front, like two scythe blades joined at the handle; broad feet and monstrous hands; and somehow, along with such deformity, an appearance of formidable energy, agility and courage."
This was the portrait Hugo painted of Quasimodo at the age of 19, during the election of the fools' pope. Elsewhere in the book he gives a description of Quasimodo as a 4-year-old child:
". . . a sort of hideous little monster, lame, one-eyed and misshapen, was dragging itself across the floor squealing."
Finally, Victor Hugo describes Quasimodo's skeleton: ". . . They noticed that its spinal column was curved, that its head was between the shoulder blades and that one leg was shorter than the other."
Interestingly, the Belgian painter Antoine Wiertz (1806-1865), a Victor Hugo's contemporary, represented Quasimodo in one of his paintings ("Quasimodo") ( Figure 8 ), which is currently exposed in Wiertz museum in Brussels: many (if not all) features of this portray were likely or certainly inspired by the detailed description of the hunchback given by Hugo in his novel including the large head, the wart-like lumps over the hair, the face and the eyebrows, the large hands, and the severe and deforming scoliosis. Although Notre-Dame de Paris is a work of fiction, Hugo's careful and extensive description of deformities could well belong to a single medical entity (Cox, 1985; Solomon, 1968) . What we know from the meticulous description of Hugo is that the affliction the novelist imposes on his character first occurred during early childhood; in addition to that, we understand from the novel, that the condition preserved motor skills, including strength and agility, and was accompanied by normal higher function.
Certainly, many of the deformities Hugo lists are consistent with the diagnosis of NF1, including the wart (or "wen") over Quasimodo's right eye (portrayed over the left eye and the head by Wiertz), the large head, the facial asymmetry, the large hands, the deformed limbs, and the spinal kyphoscoliosis. Erroneously, in the past, Quasimodo's deafness was interpreted as a consequence of a cranial VIII nerve schwannoma, mixing NF1 with NF2 (Cox, 1985; Solomon, 1968) ; it must be noted also that Quasimodo was a Cathedral bell-ringer (i.e., a ringer of large bells, and thus his deafness could be secondary to his daily activities). Alternative diagnostic hypotheses for Quasimodo include spondyloepiphyseal dysplasia, Stickler syndrome or cleidocranial dysplasia: all these syndromes fit better with Quasimodo's skeletal description given later in the novel. Of note, cleidocranial dysplasia, includes persistently open skull sutures with bulging calvarias, dental anomalies, hypoplasia or aplasia of the clavicles permitting abnormal facility in apposing the shoulders, wide pubic symphysis, dental anomalies and often vertebral malformations (Seshadri, 2012) . Likely, Quasimodo was not a figment of Victor Hugo's imagination, but a real person immortalized in word, as hypothesised in 2010 (Nikkhah, 2010) by Adrian Glew, a Tate gallery archivist, who discovered the memoirs of Henry Sibson, a 19th century FIGURE 8 Quasimodo, the famous "hunchback of Notre-Dame" portraited by Antoine Wiertz. Royal Museum of Fine Arts of Belgium, Bruxelles sculptor who worked at Notre-Dame at around the same time when Hugo wrote the novel: Sibson described a ". . .. humpbacked stonemason working as a carver under the main Government sculptor of the Cathedral. . . .", whose name he could not recall but whose nickname, used by his co-workers, was "Monsieur Le Bossu" ("Bossu" is the French word for "Hunchback"). The Almanac de Paris from 1833-which gives a list of all professionals working in the city-names a sculptor "Trajin" as living in Saint Germain-des-Pres, where Hugo also lived at the time he published the novel at age 29 years; since that time Hugo had lived only in Paris (Cox, 1985) . (Caprotti, 1980; Simili, 2001; Tega, 2002) . He is usually referred to, especially in older literature, as Aldrovandus; his name in Italian is equally given as Aldroandi (Olmi, Tugnoli Pattaro, Tosi, & Beretta, 2016). He was reckoned by Carolus Linnaeus and the Comte of Buffon (see also below) as the founder of modern natural history (Tega, 2002) and was the moving force behind Bologna's botanical garden, one of the first in Europe, and behind one of the most spectacular cabinets of curiosities, his "theatre" illuminating natural history and comprising some 18,000 "different examples of natural things" and 7,000 "specimens of dried plants" representing the "diversità di cose naturali" ("diversity of natural things"), of which he wrote a description in 1595 and collected in over than fifteen volumes (Figure 10b ) (Simili, 2001; Tega, 2002) .
Aldrovandi's interest in the natural world, which never abandoned him, emerged already during his stay in Rome (1549 Rome ( -1550 . Back in Bologna, Aldrovandi pursued his studies in natural history, got in touch with the FIGURE 10 Ulisse Aldrovandi (1522 Aldrovandi ( -1605 , the Italian physician, philosopher, and naturalist (a). His famous "Cabinet of Curiosities," included some 18,000 "different examples of natural things" and 7,000 "specimens of dried plants" representing the "diversity of natural things") (b). In 1592, Aldrovandi recorded in his "Monstrorum Historia" the extraordinary case of a man of low stature ("homuncio"), of Indian origin, who presented enormous, flabby masses of flesh less than two inches thick, hanging from the "left" side of his head and trunk (c, the homuncio is drawn in the reverse of the original wooden tablet) likely representing either a NF1 sufferer or an individual with an isolated plexiform neurofibroma (i.e., mosaic NF1). This illustration, along with a Latin text (d), appeared on page 587 and 585, respectively, of the Monstrorum Historia, published posthumously in 1642 under Aldrovandi's name and edited by Bartolomeo Ambrosino. © Wellcome Library, London, UK; Biblioteca Universitaria di Bologna, Italy doctor and botanist Luca Ghini (1534 Ghini ( -1556 Ghini ( ), and, in 1554 lecturing at the University of Bologna in Logic and, later on, in Philosophy (Tega, 2002) . The great enterprise of cataloging the natural world, the continuous and meticulous survey of its description by ancient authors presupposed a direct vision-"with one's own eyes"-of the "things of nature." What was disclosing in front of this scholar in the second half of the 16th century was a world definitely wider and more various than the one the ancients had known. Thus, since it soon became obvious that was unconcievable "to go everywhere" or to be directly acquainted with the "diversity of things of nature," Aldrovandi aimed at transferring and reproducing the natural features of each known land, both remote and close, within his own domestic walls (Tega, 2002) . Aldrovandi conceived one of the most complete and well-ordered collection of animals, plants and minerals, constituted of either real pieces or their representations, as an indispensable means for his activity as researcher and lecturer at the University of Bologna, and as a method based mainly on the use of "corporal eyes," aimed to correct the "thousands of errors" that had characterized thus far the knowledge of plants, animals and minerals.
Aldrovandi's documents in Bologna
In 1592, Ulisse Aldrovandi recorded the extraordinary case of a man of low stature ("homuncio,") of Indian origin who presented enormous, flabby masses of flesh less than two inches thick, hanging from the left side of his head and trunk (Figure 10c ) (Hecht, 1989; Madigan & Masello, 1989; Ruggieri & Polizzi, 2003; Zanca, 1975; , Zanca & Taglionimi, 1980 Zanca & Zanca, 1977 , 1980 . This illustration, along with a Latin text (Figure 10d ), appeared on page 587 and 585, respectively, of the Monstrorum Historia, published posthumously in 1642 under Aldrovandi's name and edited by Bartolomeo Ambrosino (Aldrovandi, 1642) . Zanca & Zanca (1977 , 1980 have stated that this case report is a modified version of one written by an amanuensis and found among Aldrovandi's documents in the University Library in Bologna in a tome containing stories and chronicles regarding the period comprised between November 12th 1592 and June 1593 (f. 145, ms. 136, tome XIX) (Ruggieri & Polizzi, 2003) . They also inferred (Zanca & Zanca, 1977 , 1980 that this misshapen man would represent an NF1-like case (Hecht, 1989; Madigan & Masello, 1989; Zanca & Zanca, 1977 , 1980 .
The earlier version (1592) of Aldrovandi's manuscript has been transcribed and translated in Italian by Zanca (Zanca & Zanca, 1977) with the help of R. An English translation (Ruggieri & Polizzi, 2003; Zanca & Zanca, 1980) of the (later) version (Figure 10d) found in the Aldrovandi's Monstruorum Historia (1642) contains a few modifications compared to the earlier version (Zanca & Zanca, 1977) .
FIGURE 11
The "curious fool" carved in linden wood around years 1720-1730 in the library of the monastery of Waldsassen, near Tirschenreuth, Oberpfalz in Bavaria, Germany: note the oriental face, which is disfigured by wart-like prominences resembling cutaneous neurofibromas
FIGURE 13
The "Wart Man" reported by Wilhelm Gottlieb von Tilesius von Tilenau (1769-1857) a German physician, naturalist and explorer. This patient, Johan Gottfried Rheinhard, was reported under the title "Case History of Extraordinary Unsightly Skin" and described as having "countless growths (fibrous tumors) on the skin, café-au-lait spots, macrocephaly, and scoliosis" (a-c). In a color reproduction (c) of the original illustration (a) accompanying the case presentation a fleshy mass hanging forward toward the abdomen can be noted and could represent a pedunculated diffuse cutaneous plexiform neurofibroma (i.e., a type 2 segmental manifestation of NF1). Author's personal collection FIGURE 12 Comte Georges Louis Leclerc de Buffon (1707-1788) a French naturalist, mathematician, cosmologist, and encyclopaedic author, portrayed by Francois-Hubert Drouias (a). His most famous work, a 38 volumes task, the "Histoire Naturelle" (b) (covering only the animal and mineral kingdoms), appeared from 1749 to 1788 and was completed posthumously by further 8 tomes edited and printed in 1804 by his assistants. The drawings of the Buffon's child (c, d) are by B. de Bakker. In a hand painted black and white (c) and color (d) reproduction of the first Italian edition of the treatise the little girl is represented naked, front and back showing different types of cutaneous anomalies including multiple dark leaf-shaped areas of hyper pigmentation in the limbs (likely café-au-lait spots or congenital melanocytic nevi or epidermal nevi of the sebaceous type) and (to a lesser extent) in the trunk; and a large, raised lesion with the appearance of "pigskin" encircling the trunk (likely a diffuse cutaneous plexiform neurofibroma: i.e., a type 2 segmental manifestation of NF1, or, alternatively, a large, raised, melanocytic nevus or an epidermal nevus of the sebaceous type). © Wellcome Library, London, UK Zanca and Zanca (1977, 1980) purported that the person who carried out the xylograph forgot to copy the drawing in the reverse on to the wooden tablet, so that the illustration, once engraved, showed the fleshy masses to originate on the right side of the body (Figure 10c) rather than the left, as described in the original report found among Aldrovandi's documents.
Ulisse Aldrovandi and his time: The Renaissance conception of monsters
Certainly, Aldrovandi's Indian man should be viewed in the context of Renaissance European conceptions of monsters originating from the old Greek notion of ethnographical monsters which they imagined to live far away in the East, above all in India (Tega, 2002; Zanca & Zanca, 1977 , 1980 . Indeed, Wittkower (1942) describes Aldrovandi as a scholar of immense erudition but at the same time somewhat more accepting and uncritical of tables and myths about humans and animal monstrosities, calamities, and political or religious upheavals of the old authorities than one might expect (Hecht, 1989; Madigan & Masello, 1989; Zanca & Zanca, 1977 , 1980 . However, it must be noted that in his Natural History and Monstrorum Historia the "fabulous races" appear one after the other in large woodcuts accompanied by learned texts along with the thousands of portraits, illustrations, and engraves (the latter thanks mainly to the engraver Cristofaro Coriolano) of animals, plants and minerals, of which quite a few are kept in the Ulisse Aldrovandi's Museum at the University Library of Bologna (Caprotti, 1980; Simili, 2001; Tega, 2002) (Caprotti, 1980; Tega, 2002) . Notably, Aldrovandi disposed that the Bologna Senate inherited the entire scientific patrimony he had been accumulating during his life. This bore further witness to the "public" dimension Aldrovandi had constantly given to his scientific activity.
Therefore, one feels that we are dealing, in the instance of the "homuncio" (Figure 10c ), with a really scientific illustration because of the accuracy of details in the portrait and the accompanying text and its likeness to the phenotype of a neurofibromatosis sufferer.
Did the "homuncio" have classical NF1 or mosaic NF1? Zanca and Zanca (1977, 1980) based their diagnosis of NF1 on: (i) the appearance of the masses (looking like plexiform neurofibromas) (Hecht, 1989; Madigan & Masello, 1989) covered with hairs (similar to the hairy nevi seen in NF1); and (ii) the low stature of the subject (a minor NF1 feature) ascribed to a "grave form of widespread kyphoscoliosis (an NF1 complication) or to a serious endocrinal alteration." They inferred that "the phenomenon of striking tumors covered with hairs can be observed, with or without other congenital anomalies, in von Recklinghausen's disease." Madigan and Masello (1989) by confirming the diagnosis of NF1 added macrodactyly of the left second toe and leg asymmetry (Figure 10c) secondary to scoliosis as additional clinical stigmata of NF1. Ruggieri and Polizzi (2003) proposed that the diagnosis of the homuncio would fit better with mosaic NF1 (Ruggieri & Polizzi, 2000; Ruggieri & Huson, 2001 ) rather than classical NF1. Ruggieri and Polizzi (2003) inferred that the homuncio's portrait ( Figure 10c ) is a meticulous xylograph reproduction of a "patient's" body, in its minute details, rather than an illustration of a mythological monster. The accompanying Latin description (Figure 10d ) is even more detailed than the illustration itself (Ruggieri & Polizzi, 2003) . If the diagnosis could be that of "classical" NF1, as inferred by other authors (Hecht, 1989; Madigan & Masello, 1989; Morse, 1999; Zanca & Zanca, 1977 , 1980 , then one would have expected a more "generalized" NF1 phenotype especially if one considers the associated severe complications (e.g., the plexiform neurofibroma and the scoliosis). Conversely, this detailed case lacks depiction of other (classical) clinical features of NF1 (e.g., café-au-lait spots, freckling or cutaneous neurofibromas). In addition, the "fleshy" mass seems to originate from a single region rather than from multiple body areas: thus, it would better fit with a diagnosis of (diffuse) plexiform neurofibromas (Ruggieri & Huson, 2001; Ruggieri & Polizzi, 2003) . Thus, in the absence of other cutaneous stigmata of NF1, Ruggieri and Polizzi (2003) favored the diagnosis of mosaic NF1: in this respect the Aldrovandi's case would fit with the mosaic NF1 category of isolated plexiform neurofibroma (Ruggieri, 2001; Ruggieri & Huson, 2001; Ruggieri & Polizzi, 2000) . The accompanying features of short stature, | 527 leg asymmetry, and macrodactyly have been previously reported in mosaic NF1 phenotypes (Ruggieri & Huson, 2001) . A solitary (segmental/localized) lesion actually would better explain the lack of occurrence of other cutaneous NF1 features, rather than as an oversight or omission of the portrayer.
2.2.3 | Josè de Ribera ("Lo Spagnoletto") Jusepe de Ribera, probably an italianization of Josep de Ribera (1591-1652) was a Spanish Tenebrist painter and printmaker, also known as José de Ribera (in Spanish) and as Giuseppe Ribera (in Italian): he was also called by his contemporaries, and early writers "Lo Spagnoletto" ("the Little Spaniard") because of his short stature. Ribera was a leading painter of the Spanish school, although his mature work was all done in Italy.
In one of his xylographs representin a "man with an enormous protuberance hanging down from the mandible" Zanca and Zanca (1977, 1980 ) hypothesized a plexiform neurofibroma (Ruggieri & Polizzi, 2003) . (Friedrich & Peda, 1998) . Among the "angry," the "stupid and lazy," the "vain," and the "hypocritical" fools, the crank, the vain mocker, the braggart, the ignoramus and the arrogant pride in the south gallery of the window wall is the so-called oriental "curious fool" (Figure 11 ), carved in lindenwood around years 1720-1730. He wears a turban set with precious stones, a long robe with buttoned-up pockets and above this a jacket with super buttons and a large pointed collar, hanging down. He holds a bottle gourd behind his back in his right hand and his left hand is raised. The object he once held in this hand is now lost but is said it was a mirror and the figure would thus have been a reference to selfknowledge. Notably, his oriental face is disfigured by wart-like prominences resembling cutaneous neurofibromas. The figure's disproportionately large left ear is conspicuous and has been usually interpreted as a symbol of curiosity (Friedrich & Peda, 1998) . Riccardi, (1992) interpreted these findings as "classical" NF1. Ruggieri and Polizzi (2003) speculatively reconsidered it as a case of mosaic NF1
FIGURE 15 An illustration of some features of diseases of nerves (interpreted as manifestations of NF1) (a) published in the "Anatomie Pathologique du Corps Human" by Jean Cruvelhier (1791-1874) (b), a highly influential French anatomist, who made important contributions in his studies involving the nervous system. © Wellcome Library, London, UK (Ruggieri & Huson, 2001 ) as most of his skin lesions are confined to the left side of his face, which in addition is larger than the right side bearing a larger ear as well (Figure 11 ) all in favor of a mosaic effect of the NF1 gene (Happle, 1996 (Happle, , 1997 (Happle, , 2014b .
The Buffon's girl and the Wart Man of Tilesius
Other descriptions of NF1 can be traced in the portraits of the "Buffon's girl" of 1749 (Figure 12 ) (Ruggieri & Polizzi, 2003; Zanca & Zanca, 1980) and the "Wart Man" of Tilesius (Figure 13a-c) (Ruggieri & Polizzi, 2003; Tilesius von Tilenau, 1793) . In both cases, we are confronted by reproductions of generalized NF1 phenotypes with superimposed more severe manifestations of the disease representing dichotomous types of severity in an autosomal dominant disorder (i.e., type 2 segmental manifestations of NF1 according to Happle, 1997) . Alternative diagnoses could be considered in the case of the Buffon's girl, including melanocytic nevi or an epidermal nevus (of the sebaceous type).
Comte Georges Louis Leclerc de Buffon and the "Natural
History"
Comte Georges Louis Leclerc de Buffon (1707-1788) (Figure 12a ) was a French naturalist, mathematician, cosmologist, and encyclopaedic author, reckoned as the "father of all thought in natural history in the second half
FIGURE 16
The Irish Professor of Surgery, sir Robert William Smith (1807-1873) (a). In his gigantic "Treatise on the Pathology, Diagnosis and Treatment of Neuroma," which measured 48 × 70 cm he was able to collect six case (and three further personal examples) in a review of the literature on generalized neurofibromatosis (i.e., neuromatous tumors) and suggested that the origin of the tumors was the connective tissue surrounding small nerves. Plate 1 (b) illustrate one of his three personal examples, patient John McCann (showing large masses probably representing either malignant pripheral nerve sheet tumours or schwannomas in the context of NF1, NF2 or schwannomatosis); Plate 2 (c and d) reproduces another of his examples, patient Michael Lawlor, a 32-year-old man, who presented with numerous small tumors beneth the integuments, with the size of peas, moveable and of firm consistence (likely representing neurofibromas in the context of NF1). © Wellcome Library, London, UK of the 18th century," whose work laid the foundations for advances in the natural sciences in the next two generations of naturalists, including JeanBaptiste Lamarck (1744-1829) and George Cuvier (1769-1832) (Roule, 1924) . Ten years after becoming the curator ("intendant") of the King's garden in France (the "jardin du Roi," now called "Jardin des Plantes"-that is, the equivalent of Kew Gardens or Royal Botanic Gardens in southwest London), he began publishing his 38 volumes task, the "Histoire Naturelle" (Figure 12b ) (covering only the animal and mineral kingdoms), which appeared from 1749 to 1788 and was completed posthumously by further 8 tomes edited and printed in 1804 by his assistants (Hecht, 1989; Madigan & Masello, 1989; Roule, 1924) . Notably, he first brought the idea of evolution into the realm of science.
The drawings of the Buffon's child (Figure 12c (to a lesser extent) in the trunk; and (ii) a large, raised lesion with the appearance of "pigskin" encircling the trunk. The anomalies of pigmentation could be compatible with café-au-lait spots (even though somewhat too raised rather than flat to represent café-au-lait spots, as observed in the case of large congenital melanocytic nevus with satellite lesions) and the "life vest" shaped lesions with a diffuse cutaneous plexiform neurofibroma (i.e., a superimposed more severe manifestation of the disease confined to a localized area: type 2 segmental manifestation of NF1 (Happle, 1993a (Happle, , 1993b (Happle, , 1996 (Happle, , 1997 Ruggieri & Polizzi, 2003) . This latter large "life vest-shaped" lesion could be also regarded as a large raised melanocytic nevus (with satellite, more flat, lesions of the lower limbs) or as an epidermal nevus (of the sebaceous type). Such differential aspects are more evident in the black and white drawing of the girl (Figure 12c ) and well demonstrate how difficult is to intepreter drawings and paintings and, overall, the multiple faces of artwork diagnoses (Ruggieri, Praticò, Serra, et al., 2017) .
Tilesius von Tilenau and the "Wart Man" (Gottfried Rheinhard)
Wilhelm Gottlieb von Tilesius von Tilenau (1769-1857) was a german physician, naturalist, and explorer. In 1793, he reported on a case referred as the "Wart Man" (Tilesius von Tilenau, 1793). This patient, Johan Gottfried Rheinhard, was reported under the title "Case History of Extraordinary Unsightly Skin" and described as having "countless growths (fibrous tumors) on the skin, café-au-lait spots, macrocephaly, and scoliosis" (Figure 13a ). In a color reproduction (Figure 13c ) of the original illustration (Figure 13b ) accompanying the case presentation one can note a fleshy mass hanging forward toward the abdomen. The latter might be a large pedunculate plexiform neurofibroma.
Notably, Tilesius von Tilenau (1793) drew attention both to the unpleasant physical stigmata of NF1 and the difficulty with nosology, which we are still wrestling today! (Huson, 1994) . His preface discusses one of such issues as follows:
Although nosologists for centuries have repeteadly strived seriously to bring these . . .. . . chronic diseases of the skin into an appropriate system, they still have not been able to provide an entirely complete overview of the diseases. . .. . ... According to the Happle classification of segmental manifestations of autosomal dominant diseases of the skin (Happle, 1996 (Happle, , 1997 (Happle, , 2014a these plexiform neurofibromas of the Buffon's girl and the "Wart Man" (Figures 12 and 13 ) could fulfil the clinical criteria for type 2 segmental involvement in NF1, or other alternative lesions (e.g., severe localized manifestations of the disease superimposed on a non segmental, heterozygous manifestation of the same trait) (Happle, 1996 (Happle, , 1997 . In 1761, Akenside observed a man about 60 years of age coming to St. Thomas Hospital . . .. . . "to obtain present assistance for an uncommon disorder: he was generally healthy, and apparently of a good habit of body; but had been accustomed during the greater part of his life to a constant succession of wens (tumours) that shot out in several places of his head, trunk, arms and legs; which indisposition he inherited from his father. As often as these wens became inconvenient from their size, his method was, to cut them off with a razor; at which times, he constantly found that they grew upon the part by five or six suckers, as he called them" (Akenside, 1768 ).
Akenside's patient had inherited the condition and had developed a method of treatment (Huson, 1994) . This is currently regarded as the first English language, more plausible, clinical report on NF1 (Huson, 1994) and the first notation on the inherited nature of the disorder. Cruveilher clearly described and illustrated NF1 (Figure 15a) (Huson, 1994) . Jean Cruvelhier (1791-1874) (Figure 15b ) was a highly influencial French anatomist, who made important contributions in his studies involving the nervous system. He first described the pathology of neuronal lesions in what today is known as multiple sclerosis, publishing his findings and illustrations in 1842. He was also the first to record the clinical history of a patient who had the disease: that despite it was not until 1868 that multiple sclerosis was discovered by (Fulton & Robert, 1929; Smith, 1847) . Thirty-three years later, in 1882, Von Recklinghausen, (1882) confirmed their origin and named the tumors neurofibromas (Huson, 1994; Lyons & Staunton, 1992) . Even though Smith is reckoned for the first description of "Smith's fracture" (Smith, 1847) (the fracture of the distal end of the forearm), his contribution to medicine was much greater than just describing one specific entity (Shah & Chung, 2008) .
Robert William Smith (1807-1873) was born and raised in Dublin, Ireland. Smith's trained in the heyday of medicine during his times, working under some of the world's foremost physicians (Ruggieri, Praticò, Serra, et al., 2017; .
In his book on neuromas tumors, Smith indicated that such kind of neoplasms could have a spontaneous or a traumatic origin. In the first group, the Author mentioned that rarely the tumors were present "in almost countless numbers throughout the greater part of the nervous system and (. . .) visible in almost every superficial nerve of the body (Smith, 1849) . This rarity was confirmed by the fact that only six cases of "general development of neuromatous tumors" were present in literature, besides the two cases seen personally (the patients John
McCann an Michael Lowlor), who came at Smith's attention at the distance of few weeks, and a third case referred to him by a colleague (Dr Henry Kennedy). Notably, this (third) case, had consulted Dr Abraham Colles (Fulton & Robert, 1929) 16 years previously, because of several small painless tumors, which had formed upon his legs and arms: "Mr Colles, although he confessed that he knew not their cause, and was equally ignorant of any mode of treatment by which they could be removed, except by operation, informed him that they were not of a serious nature, or likely to produce any impairment of his general health.
FIGURE 17
The German pathologist Rudolf Ludwig Karl Virchow (1821 Virchow ( -1902 . © Wellcome Library, London, UK He merely recommended a course of tonic medicines, and a strict attention to diet!" (Smith, 1849) . This description thoroughly reproduces the clinical features and natural history of NF1 in (most) affected individuals (Huson, 1994; .
One of the three patients personally examined by Smith and reported (as the 1st case) in his treatise (Smith, 1849) , was John McCann, a 35-year-old cattle-drover, admitted initially under the care of Dr Hutton in 1840 because of a large tumor on the right side of the neck thought to be malignant. There was a second tumor sublingually.
Operation was not attempted and the patient returned to his occupation. He was readmitted in 1843 in an emaciated state ( Figure   16b ) and died toward the end of the year "with hepatic symptoms." An immense tumor had developed at the back of his left thigh (Figures 16b), and, when Smith performed a post-mortem examination, he saw that in addition to the three large tumors there were hundreds of others varying in size from that of an almond to a grape-stone.
The "neuromata" were examined microscopically at autopsy:
Examined by the aid of the microscope, [he wrote] they were found to be compoused essentially of a fibro-cellular structure, the fibrous tissue predominating in by far the greater number, the areaolar preponderating in a few; the fibres were arranged in bands or loops, amongst which permanent oval or elongated nuclei became apparent on the addition of acetic acid. In no one instance, out of the numerous specimens examined, was there any trace discovered of nerve-tubes, or any indication whatever of the presence of any of the structures considered by modern pathologists as characteristic of malignant disease [Smith, 1849, p. 16] .
The emaciated state of the unfortunate John McCann, coupled with the progressively enlarging masses (one of which appeared and enlarged over a relatively short time from first to second admission), and the later death would lead to a diagnosis of (a single or multiple) malignant peripheral nerve sheath tumor(s) (MPNST). The gross appearance of the "neuroma of the left sciatic nerve" was that of a "large, globoid, encapsulated tumor, with some attached medium sized nerves", thus fitting with the diagnosis of MPNST (even though MPNSTs are usually pseudoencapsulated) (Burger, Scheithauer, & Vogel, 2002; Kleihues & Cavenee, 2000) . Conversely, histopathological examination of the neuromata, was (according to the pathology knowledge at Smith's times) against this hypothesis ("In no one instance . . .. was there . . .. any indication whatever of the presence of any of the structures considered by modern pathologists as characteristic of malignant disease"). About half of MPNSTs occur in the clinical setting of NF1 (Kleihues & Cavenee, 2000) . In this respect, the cutaneous lesions seen over the trunk and the nodular tumors seen on both upper limbs of Mr McCann should be regarded as neurofibromas (Ruggieri et al., 2016) . The gross appearance of localized (intraneural) neurofibromas (fitting with the diagnosis of NF1) is typically that of a fusiform intraneural mass. Plate 1, however (Figure 16b ), illustrates the tumors on the lateral aspect of McCann's neck, at the back of his thigh and on his upper limbs, in a different way: that is, as large, globoid (encapsulated), eccentric lesions that deflect the parent nerve over the surface of the tumor, as it occurs in classical schwannomas (Burger et al., 2002; Kleihues & Cavenee, 2000) . In addition to that: (i) at gross pathology, the neuroma of the left sciatic nerve, could also resemble a plexiform schwannoma (rather than a
[plexiform] neurofibroma or a MPNST); and (ii) at microscopic examination, Smith (1849) reported that unlike neurofibromas in "no one instance, out of the numerous specimens examined was there any trace discovered of nerve-tubes." In classical schwannoma neurites are generally not demonstrable in the substance of the tumour (Burger et al., 2002) . Thus, Smith could have reported either the earliest illustrated case of a MPNST in the setting of classical NF1, or the earliest case of neurofibromatosis type 2 (NF2) or of Schwannomatosis in the literature Smith et al., 2012) . In either the latter occurrences, the small, slightly raised, rounded lesions, appearing over the skin of the trunk, could be interpreted as cutaneous schwannomas rather than cutaneous neurofibromas. Whatever diagnosis could be considered in John
McCann (Figure 16b ) (i.e., MPNST/NF1, NF2, or Schwannomatosis) the degree of involvement (generated by the supposed MPNST or
[plexiform] schwannomas) in the neck and thigh was very pronounced and superimposed on an ordinary trait (i.e., NF1, NF2 or Schwannomatosis), thus resembling the so-called type 2 segmental manifestations of autosomal dominant traits (Happle, 1996 (Happle, , 1997 were present in different parts of the body (Lyons & Staunton, 1992; Smith, 1849) . At the post-mortem examination thousends of neuromata were disclosed.
In the cases reviewed, Smith report also on a patient who was observed by Abraham Colles, the famous surgeon who discovered the Colles' fracture. The patient was a 45-year-old man, who presented multiple small painless tumors in his legs and arms. Colles admitted that he did not know their cause, and was ignorant of any mode of treatment, but excluded the severity of their nature (Lyons & Staunton, 1992; Smith, 1849) .
Smith had the worth to recognize the disease as a distinct condition characterized by the development of tumors of the nerves, but did not correlate these with other hallmarks of neurofibromatosis, such as anomalies in pigmentation or involvement of bone. In particular, anomalies of the skin were later strongly correlated to neurofibromas by Von Reckinglhausen, which described the cutaneous spots as probably being neuromata of the finer nerve plexus of the cutis (Von Recklinghausen, 1882) and thus the disease is not named after Smith, but after him. I had the opportunity to pursue the exact details of an outstanding case of this type. A 47-year-old woman bore over the entire body a large number of small and large growths, some of which had grown slowly over years. Many of them were rather small, pea-to cherry-sized, round and covered with smooth skin, others were larger, walnut-sized and of the same soft consistency (Virchow, 1863) .
In another part of the same treatise, Virchow noted the familial nature of the fibromas:
These presentations will even more therefore favour that cases of decidedly hereditary transmission of a fibromatosis disposition occur. I have seen a young man whose body was quite covered with lumps from pinhead-sized to pigeon egg-sized, and in such families these peculiarities have existed in an inherited manner already over three generations.
Virchow felt that fibromas involving nerves, known as neuromas, had to be classified in a different category. In 1847, he reported a case of multiple neuromas, and noted the presence of nerve elements as a part of the tumor (Virchow, 1847) ; 10 years later he distinguished "false" and "true" neuromas based on the histological appearance (Virchow, 1857).
| The eponym Von Recklinghausen
Friedrich Daniel von Recklinghausen (Figure 18 ) was born on December 22nd 1833 in Gutersloh, Westphalia, and is generally considered one of Germany's greatest pathologists (Editorial, 1968) . After a "happy childhood and routinely schooling" he began, at the age of 19 years, his medical studies in Bonn, then went to Wurzburg and to Berlin, where he received his doctor of medicine degree in 1855. He was appointed assistant to Professor Virchow at the Pathological Institute in Berlin at the rather young age of 22 years owing to his outstanding abilities.
After 9 years, in 1865, he moved to Königsberg, where he became Professor of Pathological Anatomy at the age of 31. Six months later he moved to Würzburg to replace Virchow as chair of the pathology department. In 1872, he was called to the University of Strassburg as chairman of pathology. There he remained, an outstanding member of the faculty, for the rest of his life (Warkany, 1981) .
Von Recklinghausen's cadaver and live patient
While he achieved great successes with his studies of the lymphatic system and inflammations within the blood vessels, von Recklinghausen's interests shifted toward the pathology of the nervous system In general, the skin of the entire body had a dirty brown color; closer examination revealed the existence in many places . . . of many brown spots. There was a larger (4 × 3 cm) pigmentation spot on the left buttocks and a highly diffuse brown coloration along the length of the outer femur, around the external genitalia, in the sacral and inguinal folds, and on the skin at the shoulder level (Crump, 1981, p. 262) .
Unlike his predecessors, von Recklinghausen recognized that the pigmentation of the skin was not a separate affliction, such as elephantiasis, but rather one symptom of a larger disorder. Additionally, he was the first to note the inguinal and axillary freckling patterns that constitute one of the markers used today in diagnosing NF1. Von The summary of this case should be as follows: multiple soft fibromas of the outer skin, also of the subcutaneous tissue; multiple fibromatous neuromas of the nerves of the skin, the trunks and branches of the nerves of the extremities"
[translated in Wilkins and Brody, 1971: p. 378 ].
However, von Recklinghausen was not prepared to draw conclusions and to report his findings. In fact, 3 more years would pass before he would be given the "opportunity to check the knowledge that had been obtained from anatomy in a second case, which was still alive" (translated in Riccardi & Koehler, 2000: p. 359 ).
It was through the examination of 47-year-old Michel Bur ( Figure   19b ) that von Recklinghausen confirmed his suspicions (Warkany, 1981; Wilkins & Brody, 1971) . With a live patient, von Recklinghausen was able to probe tumors of the peripheral nerves, distinguishing them from fibromas as the skin covering them could be moved. Additionally, he removed a few nodules from Bur's back in order to analyze their composition under his microscope (Riccardi & Koehler, 2000) . In the case presented . . . it appears that the multiple neuromas and cutaneous fibromas existed simultaneously.
It also appears that this was not a fortuitous combination, but rather that the tumors were related structurally . . .
The evidence for the latter is: (1) It is in this portion of his treatise that von Recklinghausen begins to use the term neurofibroma, for which the disease was named. He linked the simultaneous existence of fibromas and neuromas for the first time and used the term neurofibroma to underscore the postulated structural similarity between the two lesions. He conjectured that the skin and nerve tumors resulted from the "mingling" of neural elements and connective tissue cells. Although he was not the first to describe neurofibromatosis, and his cases exhibited only a few of its numerous features, it is on the basis of this article that the eponym "von Recklinghausen" disease was applied to NF1 (Von Recklinghausen, 1882).
The studies of Friedrich Daniel von Recklinghausen
During the 55 years of his professional life, he taught, did autopsies, and investigated. He gave an enormous number of detailed case reports and wrote several excellent papers describing in great details different pathological conditions. Whether Recklinghausen was a good teacher of medical students we are not told, but his postgraduates were many and outstanding. His colleagues honoured him by attaching his name to osteitits fibrosa generalisata (secondary to hyperparathyroidism) and to neurofibromatosis. It is doubtful that his colleagues did a favor for Recklinghausen by these eponymic honours as both conditions connected with his name had been described previously by others.
2.3.5 | How "Von Recklinghausen's disease" became part of the "phakomatoses", of the "neurocutaneous syndromes", and of the "neuro-ectodermal dysplasias"
Phakomatoses
The association of brain (eye) and skin developmental abnormalities under the same umbrella name was first made in 1923 by Jan van der Hoeve (1878 Hoeve ( -1952 (Figure 20) , a Dutch ophthalmologist, who recorded similar eye lesions ("tumours") between tuberous sclerosis (Van der Hoeve & de Kleyn, 1918 , Van der Hoeve, 1920 , 1921 in van der Hoeve's original paper (Van der Hoeve, 1923) , however, reported similar retinal lesions ("whitish-grey tumours in the back of the retina") to the ones found by van der Hoeve in tuberous sclerosis (i.e., true retinal "tumours"). Van der Hoeve, expanded the term phakomas to the other lesions seen in both tuberous sclerosis and neurofibromatosis, which he called brain "phakomata" (i.e., the subependymal giant cell astrocytoma and the optic nerve glioma), angio-sebaceo phakomata (i.e., the facial angiofibromas), fibrophakomata cutis (i.e., the skin neurofibromas), rhabdomaphakomata (i.e., the heart rhabdomyomas), angioleyomiophakomata (i.e., the renal angiomyolipomas), and the phakomata acoustici (i.e., the acoustic schwannomas, at that time considered as part of Von Recklinghausen's neurofibromatosis). Van der Hoeve assumed that tuberous sclerosis and neurofibromatosis were related disorders because they shared these benign ocular lesions (i.e., the phakomas) and called "these different diseases" collectively phakomatoses (Van der Hoeve, 1923 Hoeve, , 1932 Hoeve, , 1933 .
Neurocutaneous syndromes
The term neurocutaneous syndrome was first introduced by the RussianAmerican neurologist Paul Ivan Yakovlev (1894 Yakovlev ( -1983 (Figure 21 ) and the American psychiatrist Riley H. Guthrie (1895 Guthrie ( -1954 in 1931 to describe "congenital malformations" affecting the ectodermal structures.
In their review of fourteen case records (Yakovlev & Guthrie, 1931) they cited "three types of neurocutaneous syndromes, which especially attract attention because of their relative frequency among epileptic patients and also because of the characteristic clinical picture they present: (i) Recklinghausen's neurofibromatosis; (ii) Bourneville's tuberous sclerosis; and (iii) angiomatosis of the brain with vascular nevi of the trigeminal distribution" (i.e., Sturge-Weber syndrome). All these three syndromes exhibited remarkable parallelism in their clinical and pathological manifestations. At that time these three syndromes were still considered to originate ("more or less") exclusively from "maldevelopment, bearing electively on the organs of ectoderm derivationnervous system, eyeball, retina and skin" in a "metameric distribution." However, the authors recognized that the vascular anomalies seen in Sturge-Weber syndrome were of mesodermal derivatives (i.e., the blood vessels) and that mesodermal hyperplasia (connective tissue, fibroblasts, and blood vessels) was present in all the three conditions developing as a "parallel associated malformation or as a secondary reaction." The three congenital neurocutaneous syndromes had overlapping clinical (e.g., cutaneous manifestations) and pathological features and for this reason they deserved common grouping. Of note, Yakovlev and Guthrie (1931) , mentioned "Lindau's haemangioblastosis" (i.e., von Hippel-Lindau disease) as an "earlier embryological form" of vascular neurocutaneous syndrome as opposed to its "later onset" counterpart-encephalotrigeminal angiomatosis (i.e., SturgeWeber syndrome). Recklinghausen's disease (Huntley, Hodder, Ramachandran, & 2015; Legendre, Charpentier-Côté, Drouin, & Bouffard, 2011) . That despite he is currently regarded as a Proteus syndrome (rather than neurofibromatosis) sufferer (Cohen, , 1988a (Cohen, , 1988b Howell & Ford, 1983; OMIM, 2018; Seward, 1994; Tibbles & Cohen, 1986) . The reasons that led contemporary physicians and early commentators to a diagnosis of neurofibromatosis for the Elephant Man can be easily discerned (Seward, 1994) . Alternative diagnoses, particularly Proteus syndrome, have only recently been delinetaed (Biesecker et al., 1999; Cohen, Neri, & Weksberg, 2002; Cohen, Turner, & Biesecker, 2003; Turner, Cohen, & Biesecker, 2004) and were not available to nineteenth and early-20th century clinicians. The available evidence of Merrick's medical history and extraordinary life is set out in the following paragraphs. March 1885 (Treves, 1885a) and an account of this was later published in the Society's Transactions (Treves, 1885b) as "A Case of Congenital Deformity" (Treves, 1885b (Treves, , 1923 . A biographical sketch of this misshapen man "who earned his living at one time by exhibiting himself under the name which he still bears" was accounted in the 11th But, who was that doctor and that patient?
Neuro-ectodermal dysplasias
Treves and the "Elephant
Frederick Treves
The 1st Baronet, Sir Frederick Treves (1853 (Figure 23 ) was a prominent British surgeon of the Victorian and Edwardian eras (Trombley, 1989) (Jeffcoate, 2000; Treves, 1897) . His phenomenal talents and energy ensured that his rise in the profession was meteoric and he became renowned, besides as a surgeon, also as an anatomist, teacher, writer, and polemicist for reform (Jeffcoate, 2000) . He also built a large, fashionable, private practice, and acquired an elegant house in Whimpole Stree. In 1897 he was appointed serjeant surgeon to the young Duke of York (later George V), the first of a number of rayal surgical appointments that included the Queen Victoria and later on King Edward VII who was successfully operated of appendectomy by Treves himself in 1901 (after that, appendix surgery entered the medical mainstream). He was a patriot and a faithful royalist who was recruited, along with few other civilian sugeons, to serve alongside those of the Royal Army Medical Corps in field hospitals and in special hospital trains in the Boer war of South Africa during years 1899-1900 (Jeffcoate, 2000; McCormac & Treves, 1900; Treves, 1900) . His fame within the profession was extended to a wide public and despite his hero's glory became clouded with public controversy because of the contradictory evidences given at the Royal Commissions on the status of the medical services in the Boer war, he was honoured with numerous royal rewards and with a Baronetcy in 1902 (Jeffcoate, 2000; Trombley, 1989) . He was also granted the use of the royal residence Eliza, in 1867) had no evidence of the disorder (personal communication; Seward, 1994) . At birth he had no obvious congenital abnormalities, but a firm swelling of the right cheek became to develop at about 18 months and this extended forwards under the upper lip. The other soft-tissue swellings began to be evident at about 5 years of age and the skeletal abnormalities somewhat later (Howell & Ford, 1983; Seward, 1994) : we know that he had to gave up his job at age 15 years because of increasing clumsiness of his deformed right hand. Deformation of the jaws rendered him incapable of showing facial expression or speaking in more than a splutter that was difficult to understand. His left arm was normal and delicate to look at. His right arm, however, was discolored and grotesque, ending in a 12-inch wrist and a finlike hand. The legs imitated the deformed arm, and a defective hip caused such lameness that Merrick could walk only with the aid of a stick (Figures 24 and 25) . When he was 20 a large portion (20-23 cm in length and 85-115 g in weight) of his facial deformity was successfully removed at Leicester Infirmary, but no histological examination was made of the specimen (Seward, 1994) . It was to 123 Whitechapel Road that phenomenon and after he did so was so disturbed by the man's poor condition that soon started negotiating to take him, now aged almost 24 years, to his room at the London Hospital Medical College across the road and handed him over his professional card (Howell & Ford, 1983; Treves, 1923) 
. It was on this occasion that Treves demonstrated Merrick to his London colleagues before the London
Pathological Society, at 53 Berners Street, Bloomsbury (Howell & Ford, 1983; Treves, 1923) . After some accidental episodes, he was accomodated first in an attic room at The London Hospital and subsequently, he was housed in two vacant rooms used for emergencies in the semi-basement of the East Wing looking out onto Bedstead Square at the rear of The London Hospital. There he lived visited by the London nobility until his death on Friday, April 11, 1890, shortly after 3 pm. The likely cause of death was asphysixa: the back of his head was greatly deformed, and while the patient was taking a natural sleep, the weight of head overcame him, and so suffocated him (he normally sat up in bed with his back supported by pillows, his knees drawn up and his arms clasped round his legs while his head rested on the points of his bent knees (Howell & Ford, 1983; Seward, 1994; Treves, 1923; Unsigned comment, 1890) . No official necropsy was performed. Joseph Carey Merrick's remains were cast in plaster (at the Department of Anatomy) (Figure 26a ), (skin) specimens were taken, and Frederick Treves dissected the body. The bones mounted as a skeleton still remains on display at the London Hospital (Figures 26b and c) . | 539 (Treves, 1885a) examining his patient closely later on (Treves, 1885b) , was of the opinion that this poor man suffered from neurofibromatosis (Seward, 1994) . His colleague Parkes Weber, who saw the elephant man while he was at the London Hospital, also subscribed to the same diagnosis and this was widely accepted (Howell & Ford, 1983; Seward, 1994) . In 1971, Ashley Montagu (1971) suggested in his book The Elephant Man: A Study in Human Dignity that Merrick suffered from NF1. The reasons that led contemporary physicians and early commentators to a diagnosis of neurofibromatosis can be readily discerned (Karp, 1982) . However, many of the elephant man's features are unique to him.
There is currently a body of evidence that supports the Proteus syndrome (rather than neurofibromatosis) as a diagnosis for Joseph Merrick Cohen, 1988a,b; Cohen, , 1988a Cohen, , 1988b Cohen, , 2014 OMIM, 2018; Seward, 1994; Tibbles & Cohen, 1986) . Merrick had the following features of Proteus syndrome (Seward, 1994; Tibbles & Cohen, 1986) : macrocephaly (his head circumference, measured in life and on the cast, was 91 cm), hyperostoses of the skull (by about 1 cm), asymmetric long-bone overgrowth, macrodactyly, thickened skin, and subcutaneous tissues particularly of the hands and feet (including moccasin-type plantar hyperplasia) and other unspecified subcutaneous masses (Biesecker et al., 1999; Clark, 1994; Seward, 1994) .
There were different features of Joseph Merrick against the diagnosis of NF1: there was no evidence of café-au-lait spots or neurofibromas in adulthood (the skin color was normal) and while normal at birth he went on developing more severe manifestations than those usually encountered with NF1 (Cohen, 1988a (Cohen, , 1988b ).
Besides Proteus sindrome and NF1, other diagnoses have been entertained including Maffucci sindrome, Paget's disease of the bone, pyarthrosis, melorheostosis, and fibrous dysplasia (Clark, 1994; Seward, 1994) . (Biesecker et al., 1999; Cohen et al., 2003; Eng et al., 2001; Happle, 2014a) . Later on (Lindhurst et al., 2011) , somatic mutations of the AKT1 gene have been associated to Proteus Syndrome.
Hence, there is as of yet no physical evidence to support the theory that Merrick suffered from Proteus syndrome nor segmental PTEN hamartome syndrome (Huntley et al., 2015; Legendre et al., 2011) . interpreted as Lisch nodules without slit-lamp examination rather could be either pre-restoration dots (almost totally disappeared in the postrestorian fresco) or intrastromal (hyperpigmented) nevi of the iris or iris ridges; the deformations of the left finger (i.e., a short bone) is not a specific sign of NF1; and lastly, shorter than average stature (rather than dwarfism) is a NF1 stigmata. The phenotype of the woman (i.e., marked short stature with relative macrocephaly, low nasal bridge, midfacial hypoplasia, rhizomelic shortening of limbs, and small hands) was interpreted as achrondoplasia (Benedicenti and Superti-Furga, 2017) or alternatively as Kniest dysplasia or other metatropic dwarfism (Ruggieri, Praticò, Scuderi, et al., 2017) .
| NEUROFIBROMATOSIS TYPE 2 AND RELATED CONDITIONS
| Earliest descriptions of acoustic neuroma(s)
In contrast to the highly visible skin manifestations of NF1 (known in oldest times as "peripheral neurofibromatosis"), the predominantly "intracranial variety" of neurofibromatosis (i.e., NF2) is considerably subtler in its visible presentation (Evans, 2009; MacCollin, 1986; Ruggieri et al., 2016) and thus was not characterized in detail until relatively recently (Huson, 1994; . However, early reports of acoustic neuromas exist (Ahn et al., 1996) . The first description of unilateral acoustic neuromas predates that of bilateral acoustic neuromas by approximately one-half century (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Wishart, 1822) .
3.1.1 | The 18th century: Earliest development of the term (acoustic) neuroma (Sandifort and Older) The first known mention of acoustic neuroma is attributed to Eduard Sandifort (Figure 28 ), professor of anatomy at the University of Leiden in the Netherlands, who in 1777 described this tumor at autopsy (Ahn et al., 1996; House, 1989; Ruggieri, Praticò, Serra, et al., 2017; Sandifort, 1777) .
The term "neuroma" however is credited to Louis Older (1748-1817), who first coined this name in 1811 because the tumor bears loose association with nerve neoplasm (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Sonig et al., 2014 (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Wishart, 1822) . In his article he described the clinical course and autopsy findings of an unfortunate young man named Michael Blair, a journeyman baker, who died at the age of 21 years. The man was first referred to Wishart on November 1818, at the age of 20 years, because of an "accounting of a deafness affecting both ears, which had been coming gradually for several weeks:" Wishart noted some wax in both ears and syringed them. "At the interval of two days (the man) returned, and there was no change on his hearing." Wishart applied antimony and the man came again, some days later, accompanied by his father who showed to Wishart a small tumor on the back part of his son's head who he thought was connected to the son's deafness.
Wishart recorded that tumor and noted an additional "very hard firm swelling of an oval shape, of the size of a flattened walnut" on the "fore part of the young man's head, near the junction of the coronal and sagittal suture." The father gave the following story of his son's disease: as an infant, he had a peculiarly shaped head "being considerably longer than natural, and much flatter on both sides; about four months after birth he was discovered to be blind of the right eye;" because of the great size and weight of his head "he was very hable to fall"; from age 4 to 5 years he severely cut his head by falling down being hurted between the sagittal and coronal sutures (at the upper and left side of the occipital bone); very soon after this accident a tumor arose on this place, and increased gradually to its present size (the mass noted by Wishart at his first examination of the man: see above). During his past 4 years prior to first referral to Wishart the young man had experienced headache and vomiting, "which he ascribed to the confined and heated ait of the bakehouse" Ruggieri, Polizi, Pavone, and Musumeci (1998) . At age 19 years he suddenly slipped and fell down on the bacj part of his head (recovering soon and being able to carryng out the delivery of bread he was doing). From that time his hearing "was observed to be affected:" about the age of 20 years, approaching to his 21st year he became FIGURE 27 Andrea Mantegna (1431-1506): the "(dwarf) maid" painted in the court scene of "The Bridal Chamber," at Mantua's Ducal Palace (Italy, 1465 (Italy, -1474 completely deaf and his father had to write on a slate to answer his son's questions. In the meantime the left occipital tumor became painful to the touch. Toward the end of his life he had violent paroxysm of pain (every 8 to 10 days) that were preceded by a disagreeable smell and accompanied by facial twitching, trunk writhing, and generalized muscle contractions (muscles of the face, jaw, arms, abdomen, and trunk); at the termination of these paroxysms he frequently felt into a profound sleep, sometimes continuing for up to 3 days. In his terminal event, he became delirious and was attended to by Wishart. An attempt to resect the lesion was unsuccessful and the patient died from a wound infection, after experiencing incessant vomiting, difficulties in swallowing and lastly sudden attacks of pain accompanied by screaming lasting for several hours (Wishart, 1822) :
I attempted to bleed him from the arm; but, from his restlessness, the blood could not be made to flow. Calomel and senna tea were ordered; but he appearead to have lost the power of swallowing; and he remained nearly in the same state till about 5 a.m. on the 24th (of June), when he expired.
During his post-mortem dissection, Wishart opened the skull and observed numerous tumors, some of which were on the (occipital) dura mater (i.e., meningiomas) while others arose from the cranial nerves (i.e., cranial nerve schwannomas) (Wishart, 1822) :
The pericranium, in the region of the posterior tumour, was very much thickened and indurated, and firmly attached to the superincumbent tegumets. The tumour itself seemed to have originated in the diploe . . .. . .
The descriptions of the sizes of the tumors arising from the dura mater (i.e., the meningiomas) were besed on common household items: a large pin's head, a split pea, a pea, a small nut, a walnut, or a small egg. Wishart described also lesions arising from the 5th and 11th cranial nerves as well as from both auditory meatus (i.e., schwannomas). The last of these, in retrospect, were almost certainly acoustic neuromas (or acoustic neuromas involving concomitantly the 7th pair) and were believed by Wishart to have originated (solely) from the 7th pair of cranial nerves (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Wishart, 1822) :
The 7th pair was diseased in the same maner: a tumor of the size of a small nut, and very hard, being attached to each of them, just where they enter the meatus auditorium internum.
Most importantly, Wishart, during examination of the dura mater observed that (Wishart, 1822) :
Its general texture was natural; but a number of tumours of different sizes and forms were discovered attached to the internal layer of that membrane. Most of them adhered to the falciform process. These tumours, which were from the size of a walnut to that of a pea, were of spongy and fibrous structure, and readily separated from their attachement; and depressions were found in the brain corresponding to each of them.
This critical piece of the puzzle of defining NF2, as a separate clinical disease was first achieved by Wishart, who associated acoustic neuromas with meningiomas (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Wishart, 1822 ).
Wishart's description of this severely affected (young) patient led to the denomination of Wishart subtype or Wishart's variety for NF2 with an early and aggressive clinical course (i.e., childhood onset NF2) (Ruggieri et al., 2005 (Ruggieri et al., , 2013 Ruggieri, Praticò, & Evans, 2015) . Thus, the onset of a typically (young) adult disease (i.e., NF2) was first reported in childhood (and likely, according to what Michael Blair's father recalled, including the large head at birth and the blindness at 1 year of age, this man had his onset of disease before the age of 1 year: i.e., he could well have a congenital form of NF2 Ruggieri et al., 2013 Ruggieri et al., , 2016 .
In 1835, the renowned French pathologist Jean Cruveilhier ( Figure   15 ) presented one of the earliest analyses of the intracranial effects of acoustic neuromas (Cruveilhier, 1835 (Cruveilhier, -1842 . His account included well-illustrated lithographs of his finidings at autopsy in which he described the impact of intracranial masses on the skull and its contents (Ahn et al., 1996; Cruveilhier, 1835 Cruveilhier, -1842 .
FIGURE 28
Portrait of Sir Eduard Sandifort (1742 Sandifort ( -1814 . © Wellcome Library, London, UK Alexander Knoblauch published a similar early report on bilateral acoustic neuromas, as a dissertation in 1843 (Knoblauch, 1843) (Figure   29 ), only 6 years before Smith's dissertation on multiple neuromata (Smith, 1849) . In his article Knoblauch divided neuromatous tumors into those that were the consequence of a "morbid process," and those that resulted from "an original vice of conformation" (Knoblauch, 1843) .
As the reports by Wishart and Knoblauch demonstrate, during the first half of the 19th century, observations of living and dead tissue were almost uniformly macroscopic, making it nearly impossible to differentiate swelling due to inflammation from cancer in its early stage (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017) . Tumors were thought in terms of "coagulated lymph," part of the blood plasma, or derivations of Hippocrates concept of the four humours (Malkin, 1993) . Great imporvements in the optic of the compound microscope in the 1830s combined with imporved tissue staining techniques subsequently made the examination of thin section of tumors and tissue possible. Again, Germany led the way. By the late 1800s, Virchow and his disciples were able to differentiate rapidly growing tumors with the ability to metastasize from benign tumors that were histologically similar to the tissues in which they originated. Virchow grouped these tumors under general categories including fibrous, bony, fatty, neural, or vascular tumors (Foster, 1961; Sonig et al., 2014) . After the reports of Virchow and von Reckilnghausen, the understanding of neurofibromatosis and related forms would expand rapidly progressing along four parallel lines of investigation including (i) determination of the histology of acoustic neuromas; (ii) recognition of the association of acoustic neuromas with other intracranial tumors; (iii) understanding of the familial clustering (i.e., inheritance patterns) of neurofibromatosis; and (iv) mapping (and cloning) of the chromosomal (genetic) anomalies of the individual diseases (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017) .
3.1.3 | From Scwhann's cell theory to Schwann cells and "central" neurofibromatosis
Neurofibromas versus schwannomas
In 1882, von Recklinghausen published his landmark monograph on the disease that would later become known as NF1 (Crump, 1981; Von Recklinghausen, 1882) . Over the following years, patients with skin and spinal cord tumors were diagnosed with neurofibromatosis and this association was emphasized (in both disorders) in the literature: the term neurofibromatosis came into vogue over multiple neurofibromata during this time, "based upon the repeated observations that the disease was less of a tumor growth than a widely disseminated fibrosis of the sheaths of the nerves" (Thomson, 1900) .
In 1897, Mossé and Cavalié first used the term central neurofibromatosis to denote a variant of "generalised" neurofibromatosis, later called von Recklinghause disease, that lacked the peripheral manifestations (Ahn et al., 1996; Mossé & Cavalié, 1897) . Further, they recognized that bilateral acoustic neuromas may be accompanied by numerous other cranial nerves neuromas (Mossé & Cavalié, 1897; Sonig et al., 2014) .
Based on his histologic studies, Sternberg, at the turn of the century, proposed that the nervous tumors were derived from Schwann cells (Sternberg, 1900) . Schwann cells had been named in honour of the German pathologist and naturalist Theodor Schwann (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Sonig et al., 2014) . (Schwann & Smith, 1847) . He not only proposed the cell theory but also discovered the "secondary" nerve cell and hypothesized its possible function in myelination. It took a century to confirm Schwann's hypothesis (Aszmann, 2000; Florkin, 1951a,b; Genviéve, 2003; Ruggieri, Praticò, Serra, et al., 2017) . In 1954, Geren, aided by the electron microscope, demonstrated that the cell of Schwann is responsible for nerve myelination. Concurrently, researchers worked to understand the etiology and pathogenesis of peripheral nerve neoplasms.
Central versus peripheral neurofibromatosis
As early as the beginning of of the 20th century, clinicians began to distinguish ("central") NF2 from ("peripheral") NF1. In 1903, Henneberg and Koch described a distinct (intracranial) form of neurofibromatosis that involved the 8th cranial nerves bilaterally but allegedly spared the skin (Henneberg & Koch, 1903) . Their paper was most notable both for drawing widespread attention to the finding of bilateral acoustic tumors, which had previously been described only sporasically and incompletely, and for associating them with von Recklinghausen disease. They presented two individuals with bilateral acoustic neuromas, one of whom also had "multiple neurofibromas of the skin, peripheral nerves, extradural and intradural spinal nerves, and the 9th and 10th cranial nerves." In discussing the acoustic neuromas, they introduced the term cerebellopontine angle-Kleinhirnbrückenwinkel (from the German Kleinhirn = cerebellum; brücken = pons or bridge; and winkel = angle)-to denote the location where these tumors were most frequently found. They used the term "central" neurofibromatosis to distinguish these patients from those with the more common "peripheral" neurofibromatosis described by von Recklinghausen (Ruggieri, Praticò, Serra, et al., 2017) .
After the seminal report of Henneberg and Koch (1903) of bilateral acoustic neuromas, the next 2 decades saw a multitude of reports describing similar findings: this expanding phenomenon was likely due to the flurry of activity in the emerging field of neurosurgery (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017) (Dandy, 1925) , Annandale in 1895 who removed a tumor-likely a fibro-sarcoma-causing deafness, vertigo, and frontal headache (Gibson, 1895) , and Garre in 1903 who failed to remove a bilateral acoustic neuroma found intraoperatively and recorded, at autopsy, "widespread central neurofibromatosis" (Funkestein, 1905) . During that period Fraenkel and Hunt (1903) , working at Cornell University in New York, described a patient with bilateral acoustic neuromas, and echoed the prevailing sentiment that all neuromatous tumors, central and peripheral, were expression of the same pathological process. Neurofibromatosis was, at that time, by definition, "the formation of one or more tumors in one or more cerebrospinal or sympathetic nerves." They noted that acoustic nerves were not immune (as previously thought, paralleling the histology of the 1st and 2nd to the 8th cranial nerves) from the occurrence of neurofibromas and reaffirmed the concept that patients with multiple intracranial tumors were classified under the separate (but related) FIGURE 30 Portrait of Theodor Ambrose Hubert Schwann (1810-1882). © Wellcome Library, London, UK category of central neurofibromatosis opposed to the syndrome of neurofibromas of the skin, cerebrospinal nerves, and sympathetic nerves, which was termed general neurofibromatosis. Individuals with central neurofibromatosis had their peripheral signs "masked" by the occurrence of intracranial tumors. Such explanation was echoed, in one form or another, in all reports during this time and was also coupled to moral characters typically belonging to the spectrum of neurofibromatosis, including mental impairment, imbecility, and somatic stigmata of degeneration (e.g., homosexuality) all suggesting the teratologic nature of the disease (Fraenkel & Hunt, 1903) . Notably, in the same period, Biggs (1909) , Biggs (1909) , by reporting the postmortem examination of a patient with bilateral acoustic neuromas, noted that "the largest acoustic tumour was on the side of the least marked clinical deafness," thus first introducing the concept of clinical (functional) versus anatomical discrepancy in acoustic neuromas (Ahn et al., 1996) .
The Uruguayan pathologist Jose Juan Verocay (1876 Verocay ( -1927 , in 1910, analyzing four isolated acoustic neuromas first understood that these tumors, differently from von Recklinghausen's neurofibromas, derived from neoplastic sheaths of undifferentiated neurocytes, capable of giving rise to Schwann cells, with nerve fibers traversing the tumor and essentially corroborated Sternberg's hypothesis that Schwann cells were intimately involved in neuroma formation: he suggested the controversial name of "neurinoma," meaning nerve fiber tumor, in contrast to von Recklinghausen's "neurofibroma" (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Sonig et al., 2014) .
In the following years, researchers who reviewed cases of bilateral vestibular Schwannomas, found some similarities between the cutaneous features of these patients with the ones of patients affected by NF1 (Huson, 1994) . In its review of the literature, of 1915, Henschen reported a series of 245 patients affected by unilateral vestibular schwannomas and 24 by bilateral lesions, finding that 5/245 of the first group and 19/24 of the second group presented signs resembling Von Recklinghausen's disease (Henschen, 1915 , Huson, 1994 . This somewhat curious report (most cases of acoustic neuromas do not occur in presence of peripheral manifestations of neurofibromatosis), credited Henschen with discovering that neuromas of the acoustic nerve originate in the vestibular portion of the nerve lying in the porus acusticus: this was discovered however serendipitously while recnstructing in wax an early acoustic tumor found by chance at autopsy (Henschen, 1915) .
One of the first detailed cases of NF2 to be reported in the English literature was that of Bassoe and Nuzum (1915) , who described a sporadically affected 15-year-old boy who had onset of intermittent left leg weakness associated with back pain at age 5. During his life he was also noted to have skin tumors and strabismus and immediately before his death a detailed neurological evaluation revealed bilateral facial paresis and impaired left sided hearing with evidence of spinal cord dysfunction at multiple levels. At autopsy, multiple peripheral and central tumors were found, including bilateral cerebellopontine angle tumors "each of the size of an English walnut." Even though the authors made many astute observations regarding this and the previous cases of neurofibromatosis, potential differentiation with "cutaneous" neurofibromatosis was made only in passing. Instead, the authors focused on the differentiation between neurofibromatosis (presumably both type 1 and type 2) from tuberous sclerosis primarily because of the presence of large glial cell "heaps" in the brains of their patient (subsequently known as glial hamartomas) and the hypothesis that the nerve sheath tumors of neurofibromatosis and the glial tumors of tuberous sclerosis shared a primary pathogenic mechanism, originating in "malformations in the primitive neurogenic tissues" (MacCollin, 1986) .
The first landmark work on schwannoma came from a Swedish physician, Nils Ragnar Eugène Antoni (1887 Antoni ( -1968 . Antoni became Associate Professor and later Professor (1931 Professor ( -1954 Subtype B consists of more reticular and disorganized architecture and is prone to mucoid degeneration (Antoni, 1920) .
Another work on these tumors came from Pierre Masson (1880 Masson ( -1959 , largely regarded as the father of histopathology in Canada. In Cushing's observation and first established histological differences between acoustic neuromas (which contained nerve fibers only in the capsule) and von Recklinghausen's neurofibromas (where the nerve fibers penetrated the entire tumor). In addition to that, Cushing believed that the incidence of bilateral acoustic neuromas was no more than 1 in 100 unilateral cases. Subsequently, NF2 was seen as manifestation of von Recklinghausen's disease rather than as an independent entity. Given Cushing's high reputation, it took almost 7 decades for the two diseases to be fully separated again.
| First association between bilateral acoustic neuromas with meningiomas
Wishart achieved the first known association between acoustic neuromas and meningiomas in 1822 (see also above) (Ahn et al., 1996; Ruggieri, Praticò, Serra, et al., 2017; Wishart, 1822) : more than a century later, bilateral acoustic neuromas associated with meningiomas would characterize the disease with the eponymus "Wishart variety," which follows a more aggressive course (Ahn et al., 1996; Ruggieri et al., 2005 Ruggieri et al., , 2013 Ruggieri et al., , 2016 Ruggieri, Praticò, Serra, et al., 2017) .
In 1916, the eminent Swedish pathologist Folker Henschen, in his extensive series mentioned above, included 13 cases of acoustic neuroma accompanied by meningiomas. Thus, by 1917, Cushing was aware of the association of acoustic neuromas with meningeal lesions, which at the time he called endotheliomata. He also recognized that meningeal and acoustic tumors were "of an utterly different pathological character . . .. . . the two types of tumor (however) are so frequently associated that there has been a recent tendency to group them together . . .. . .." Cushing later coined the term meningioma that remains widely accepted today (Ahn et al., 1996) . Biggs in 1909 (1932a , 1932b , and Gardner and Turner in 1940 were among those to publish significant early reports on axcoustic neuromas with meningiomas. Cushing and Eisenhardt (1938) reviewed these cases, along with further reports appearead early in the 20th century, in their 1938 monograph on meningiomas. These early reports, however, almost uniformly perpetuated the notion that bilateral acoustic neuromas associated with meningiomas were simply Worster-Drought in 1937, suggested that bilateral acoustic neuromas associated with meningiomas, which they termed "neurofibroblastomatosis," should be considered distinct from the purely manifesting von Recklinghausen disease. Even Gardner and Turner, in their 1940 monograph, also alluded to the possibility that a single acoustic neuroma associated with one or more meningiomas may be distinct from von Racklinghausen disease, but they ultimately succumbed to the accepted notion that it most likely represented "an incomplete or abortive form of the disease." 3.1.5 | The first large kindred with bilateral acoustic neuroms
In the following years, after several reports stating that NF2 presented a familial occurrence with autosomal dominant inheritance (Feeling & Ward, 1920; Gardner & Frazier, 1930) , acoustic neurinomas became accepted as a severe complication of von Recklinghausen's disease. The family reported by Gardner and Frazier (1930) , in particular, had 38 affected members over five generations: the affected members had early onset deafness and balance problems and often died prematurely and the authors also noted the particularity of the uniform expression of acoustic neuromas and the presence of limited signs of Von Reckinglhausen disease in these patients. Autopsy was performed on two affected members and revealed bilateral cerebellopontine angle tumors. They observed that approximately 50% of individuals in their families were at risk of developing the condition, and no evidence of incomplete penetrance or sex specificity was noted (Gardner & Frazier, 1930) .
Even if the features of these patients were not so similar to the classical form of Von Reckinglhausen disease, the identification of NF2 as a separate clinical entity was not performed till 1970, being considered as a particular variant of von Recklinghausen's disease, and studies of that time stated that bilateral acustic neuromas were present in almost 5% of all von Reckinglhausen patients (Crowe et al., 1956; Huson, 1994) .
Reports of families with members affected by bilateral neuromas became more frequent in the second half of the last century, and the possible presence of a distinct mutation responsible for the disease suspected (Fahlgren & Muller, 1955; Giudetti, 1952; Moyes, 1968) . In particular, the study by Moyes focused on four generations of an affected family, suggesting the presence of an entirely different autosomal dominant mutation, because many of the affected members presented a few signs of the classical Von Reckinglhausen disease but the distinctive bilateral acustic neuromas (Moyes, 1968) .
When ultimately Young et al. (1970a Young et al. ( , 1970b reported an expanded follow-up on 97 members of the index family reported 40 years before by Gardner and Frazier (1930) , NF2 started to become considered as a distinct entity. This report and a subsequent study by the same group (Kanter, Eldridge, Fabricant, Allen, & Koerber, 1980) covered nine generations of an American family, from late-18th to the 20th century. It was emphasized that the major feature of the affected members was bilateral acoustic neuroma (vestibilar schwannomas) and that the cutaneous features, present in some patients, were much less prominent than in NF1: café-au-lait spot were generally small and solitary and no affected member presentd more than two spots. Other NF1 complications were notably absent, and only 2 on 97 had more than one subctutaneous nodule. In addition, they noted that the majority of patients had a relatively mild clinical course (Young, Eldridge, & Gardner, 1970b ): Gardner's description of a mildly affected family led to the denomination of Gardner subtype for NF2 with a mild clinical course (Nathoo, Mayberg, Barnett, 2004) .
Finally, in 1987, a consensus panel of the National Institutes of Health differentiated the clinical manifestations associated with the classic form of the disease from those of the predominatly intracranial subtype and they were subsequently named as "NF type 1" and "NF type 2," respectively (National Institutes of Health Consensus, 1988 and . In the following years, different genetic origins of the two pathologies have been dimonstrated, thus confirming the differentiation in two distinct pathologies (Ahn et al., 1996) .
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